the estimated cerebral perfusion pressure (CPP) 6 . Intraoperative monitoring of CBF therefore, has the potential to identify low cerebral perfusion, help direct haemodynamic management, and thereby reduce the risk of cerebral ischaemia during anaesthesia.
Spectral Doppler ultrasound is an established non-invasive technique for measuring blood flow 7 . Intraoperative monitoring of internal carotid artery (ICA) flow has the potential to provide an estimate of hemispheric CBF and to detect changes in flow during surgery. Bedside measurements of blood flow volume in extra-cranial arteries, using Doppler and duplex methods, are reported to correlate well with more invasive techniques 8 .
This study aimed to investigate the effect of posture on blood pressure and CBF in anaesthetised patients placed in the beachchair position for shoulder surgery. Since anaesthesia also influences the haemodynamic state, the study aimed to compare general anaesthesia to sedation anaesthesia when usedin combination with an interscalene brachial plexus block. The hypothesis was that a general anaesthetic technique associated with hypotension would result in decreased CBF, which would not be observed in patients receiving sedation rather than general anaesthesia. This study also aimed to identify whether single vessel carotid blood flow could be used as a reliable index of total cerebral flow in healthy patients (before investigating patients with significant cardiorespiratory or cerebrovascular disease).
METHODS
This randomised prospective study was performed at a single institution. Following approval from The Avenue Hospital Human Ethics Committee, informed written consent was obtained from 40 patients undergoing arthroscopic shoulder surgery in the beachchair position. Patients were excluded if they had a history of cerebrovascular accident, uncontrolled hypertension, carotid endarterectomy, significant cardiac disease (New York Heart Association Class >II) including a cardiac pacemaker, body mass index >35 kg.m -2 , or a contraindication to interscalene block. Patients were randomised to receive either general anaesthesia or intravenous sedation, both in conjunction with an interscalene brachial plexus anaesthesia.
On arrival in the operating suite, patients were initially sedated with midazolam (2 to 3 mg) and prehydrated with warmed intravenous normal saline solution (15 ml.kg -1 initially followed by 15 ml.kg -1 .hour -1 . An interscalene block was performed with injection of 0.75% ropivacaine (3 mg/kg) under ultrasound guidance (Micromax, HFL38 Linear array transducer 6-12 MHz; Sonosite, Belrose, NSW) and the block was clinically assessed before entry to theatre. Intra-arterial monitoring of radial artery blood pressure was instituted with the transducer placed at the tragus to approximate mean pressure at the level of the Circle of Willis. Monitoring included pulse oximetry, non-invasive blood pressure, electrocardiogram, capnography and bispectral index (BIS).
On entry to the operating room, patients randomised to general anaesthesia were induced with fentanyl (1.5 µg.kg -1 ) and propofol (1 to 2 mg.kg -1 ). Patients breathed spontaneously through a laryngeal mask airway. Anaesthesia was maintained with BISdirected end-tidal sevoflurane (1.5%) targeting for BIS 40 to 60. Patients were then placed in the beachchair position and the intra-arterial monitoring transducer positioned to the level of the tragus. In the sedation group patients were given further titrated doses of fentanyl (up to 1.5 µg.kg -1 ), midazolam (1 to 2 mg bolus) and propofol infusion at 50 to 200 mg.hour -1 . The level of sedation was aimed to induce drowsiness yet maintain responsiveness to verbal communication. These patients were placed similarly in the beachchair position and monitored as for the general anaesthesia group. All patients had a forced-air warming blanket and temperature was monitored intermittently at the tympanic membrane.
Haemodynamic management
The mean arterial pressure was maintained at 70 mmHg or greater when the beachchair position was assumed, as per our usual clinical practice. Assuming intracranial pressure is <10 mmHg, and central venous pressure <10 mmHg, CPP is then estimated to be 60 mmHg or above. This approach is assumed to prevent cerebral hypoperfusion 9 . Patients were treated with vasopressor (metaraminol 500 µg) and fluid loading (100 to 200 ml bolus 0.9% NaCl) if MAP fell below 65 mmHg.
Cerebral blood flow measurement
Prior to surgery, all patients underwent an ultrasonic baseline carotid and vertebral artery study, in order to determine the percentage contribution of ICA to total CBF. Insonation of the neck vessels was performed 1 to 2 cm above the carotid bulb for the ICA, 1 to 2 cm below the bulb for the common carotid artery, and at the C 4-5 inter-transverse segment for the vertebral artery. Blood pressures were allowed to stabilise before measurements of ICA flow were made. Vessels were examined using a 8-12 MHz probe (Siemens Acuson Antares Revision 5), with angle of insonation at 60 degrees, and flow was measured using Pulsed Wave Doppler. The time averaged mean velocity (V TAMn ) was measured in each vessel as the integral of the mean flow velocities in the sample gate over three to five cycles ( Figure 1 ). Vessel diameter was measured on the static sonogram and based on the average of two measurements. The cross-sectional area of each vessel was determined using the formula π(d/2) 2 , where d is vessel diameter. Flow volume was calculated as the product V TAMn ×crosssectional area and total CBF was determined as the sum of the flow volumes of ICA and vertebral artery. Baseline readings measured flow on both sides of the neck for comparison, to ensure that significant carotid stenoses were not present. Measurement was made in both the supine and beachchair positions, with simultaneous non-invasive measurement of arterial blood pressure and heart rate (HR). On transfer to theatre, subsequent ICA flow was measured by a single operator using a portable Sonosite Micromax unit with 8-10 MHz probe. (Cerebral blood flow arises predominately from internal carotid artery flow [76%] with vertebral artery flow contributing to a lesser degree [24%] 10 .)
During surgery, sterile draping of the surgical site prevented access to neck vessels on the operative side. For this reason, measurement of the internal carotid artery flow on the non-operative side of the neck was used as a surrogate index of total flow. In each patient this single vessel measurement represented a percentage of total flow as defined by the preoperative baseline study.
Intraoperatively, the 'beachchair' patient was positioned so that the head was maintained in the neutral position, with the cervical spine slightly flexed to avoid vertebral artery occlusion, and lateral tilt minimised to enable transducer placement for ICA flow measurement. Single ICA flow was measured on entering theatre (baseline), following induction in the general anaesthesia group (post induction), and immediately after placement in the beachchair position (time 0) with subsequent measurements made during surgery (at time 5, 10, 15 and 30 minutes). Surgical time, defined from time 0 (immediate draping) to wound closure, was usually completed by 45 minutes. Measurements were made at similar times for the sedation group.
Statistical analysis
Data are expressed as mean ± standard deviation (SD). Differences in baseline variables were compared using two-sided unpaired t-tests. Differences between groups over time for CBF, HR and MAP were compared using repeated measures analysis of variance with Greenhouse-Geisser correction for multisample asphericity (SPSS 16 Statistical analysis, SPSS Inc., Chicago, Il USA). P <0.05 was considered significant. Normal values were based on reported values for ICA flow for similar patient profiles. Normal ICA flow has been consistently reported as 231±59 11 , 238±45 12 , 265±26 13 and 249±105 10 ml/ minute in individuals 20 to 85 years, male and female. A 30% decrease in ICA flow was chosen as significant, since MAP was observed to commonly decrease by this magnitude with beachchair positioning. Below the autoregulatory threshold, CBF is pressure dependent and would be expected to decrease with this reduction in MAP. Sample size was estimated using a power of 0.8 and alpha of 0.05. The effect size was taken as 1.2 (calculated from a pilot observation of an average MAP decrease of 20 mmHg with measurement SD 16 mmHg).
RESULTS
Forty patients scheduled for shoulder arthroscopy were recruited for the study (Table 1 ). There was no significant difference in age and weight and similar surgical procedures were performed in each group. Five patients were taking cardioactive medication (either angiotensin-converting enzyme or calcium channel antagonists; none were taking αor β-adrenoceptor antagonists).
Baseline carotid study
Estimated flows were consistent with previously reported values. In the supine position, the measured total CBF (bilateral ICA plus vertebral artery) as shown in Figure 2 was similar in both sedation and general anaesthesia groups (11.4±2.8 and 9.6±2.2 ml/second respectively, P=0.48). When patients were placed in the beachchair position, total CBF remained similar to supine measurements within both groups: sedation 10.6±4.2 ml/second, P=0.06, and general anaesthesia 9.7±3.1 ml/second, P=0.47. There was no significant difference between groups (P=0.91). ICA percentage contribution to flow did not significantly change from the supine to upright position: sedation 38±11 to 37±11%, P=0.77; general anaesthesia: 43±8 to 40±8%, P=0.20. There was no significant difference between left and right sides of ICA flow (right side to left side percentage difference, P=0.91). Similarly, the awake baseline MAP and HR were similar in both groups: MAP 98±10 and 99±11 mmHg respectively, P=0.89; and HR 60±6 and 62±6 bpm, P=0.28 respectively) with no significant change occurring when patients were placed in the beachchair position (MAP P=0.82, HR P=0.83). Preoperative screening identified one patient to have minor common carotid artery stenosis on the operative side.
Intraoperative course
The values of variables measured intraoperatively are shown in Table 2 . All patients were assessed to have complete interscalene anaesthesia. The length of surgical time (<60 minutes) and degree of upright posture was similar for both groups. The general anaesthesia group had a mean end-tidal sevoflurane concentration of 1.5±0.8 %, which was reflected by a significantly lower BIS in the sevoflurane group ASD with open mini-cuff repair 11 12 Arthroscopic reconstruction (labral) 2 3
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Values expressed as mean ± SD. * Unpaired t-test. GA=general anaesthesia. compared to sedation (P <0.01). Each patient received midazolam and fentanyl according to weight and hence both groups received similar doses. However the general anaesthesia group received a significantly greater amount of propofol at induction compared to the infused dose in the sedation group (P <0.01). All patients remained normothermic.
Intraoperative CBF
Total CBF was estimated by multiplying the single ICA estimate by the percentage contribution of that vessel to total CBF (derived at baseline carotid study). Initial theatre measurements (T) of MAP and ICA flow following interscalene blockade and transfer onto the operating table are shown in Figure 3 . In the general anaesthesia group, CBF remained similar to baseline following induction of anaesthesia: theatre baseline CBF 12.8±4.7 ml/second, versus post-induction CBF 13.7±5.7 ml/second, P=0.83 (post-induction MAP decreased from 107±19 to 86±22 mmHg, P <0.05). In these patients CBF then remained constant on beachchair positioning: 13.3±5.0 ml/second, P=0.67 compared to baseline. Similarly, CBF remained constant in patients undergoing sedation: theatre baseline CBF 11.4±2.8 ml/second, versus upright position CBF 13.3±7.5 ml/second, P=0.68. There was no significant difference in CBF between the groups (P=0.91).
Beachchair MAP
In the sedation group, MAP remained similar to baseline levels on upright positioning (103±12 mmHg supine to 99±14 mmHg upright, P=0.34) (Figure 4) . In contrast, patients receiving general anaesthesia had a significant decrease from baseline MAP when placed upright (107±19 mmHg supine to 73±20 mmHg upright, P <0.01). Beachchair positioning during general anaesthesia significantly decreased the mean arterial pressure (34±10 mmHg) compared to sedation anaesthesia (4±2 mmHg, P <0.01). General anaesthesia was associated with a 31 to 38% decrease in MAP below baseline throughout surgery. Non-invasive measurement of MAP at the arm significantly overestimated the mean pressure transduced at the level of the tragus.
In the beachchair position, HR did not significantly change from baseline in the general anaesthesia group: HR 68±12 supine to HR 61±8 bpm upright, 
Vasopressor therapy
Vasopressor therapy was required at least once to treat hypotension (MAP was less than 65 mmHg) in 17 out of 20 patients in the sevoflurane group; MAP would stabilise to 70 to 85 mmHg after a few minutes. This was a significantly higher incidence than the sedation group (17 vs 2, P <0.01).
DISCUSSION
A key finding of this study is that even though sub MAC sevoflurane general anaesthesia is associated with significant hypotension, CBF remained at baseline levels, a level similar to patients receiving sedation alone. CBF remained constant despite the combined effects of propofol induction and sevoflurane anaesthesia, which are known to result in a pronounced and protracted vasodilatation 14 and predispose patients to hypotension when positioned upright. This implies that a cerebral autoregulatory response remained intact despite the haemodynamic change induced by general anaesthesia. Further, the non-linear relationship between MAP and CBF highlights the limitation of relying on blood pressure alone as an endpoint for adequate cerebral perfusion.
The postural hypotension associated with the beachchair position reportedly decreases CPP by 25 mmHg or more 15 as a result of a decreased intrathoracic blood volume and cardiac output. In one study, intrathoracic blood volume was noted to decrease 14% and cardiac index 24% despite a volume preload of 14 ml/kg 16 . However, the influence of posture and anaesthesia on total cerebral oxygen delivery is complex; it is influenced not only by changes in MAP but also by changes in intracranial pressure, cerebrovascular reactivity, cerebral oxygen extraction and cerebral venous outflow. On head elevation, a decrease in intracranial pressure and central venous pressure will augment CPP, whereas a reduction in MAP will tend to decrease it. A recent study of middle cerebral artery blood velocities in patients in the beachchair position anaesthetised with desflurane reported a decrease in both cerebrovascular resistance and CPP. MAP was also found to be frequently below the lower limit of autoregulation in many patients 17 .
Sevoflurane depresses cerebral metabolism with an associated decrease in CBF (> 36%) from awake values 18 , but with burst suppression induced by propofol anaesthesia, sevoflurane has been reported to maintain or increase cerebral blood flow 19, 20 . Sevoflurane also appears to maintain cerebral autoregulation and metabolic coupling up to concentrations of 1.5 MAC [21] [22] [23] . Other volatile agents are also reported to increase CBF. In an early study of sitting neurosurgical patients, halothane anaesthesia increased CBF by 50%, as measured with 113Xenon clearance gas technique 24 . Similarly, desflurane increases CBF by 11%, tends to maintain MAP, but impairs cerebral autoregulation at concentrations greater than 0.5 MAC 25 . The vasodilatory effect of sevoflurane is dose-dependant, and at equipotent concentrations is less than that reported for halothane, isoflurane and desflurane 26 .
Cerebrovascular dilatation is an autoregulatory response that can compensate for a reduction in CPP, by increasing vessel diameter to increase cerebral blood flow 27 . In the beachchair position, each patient has a critical MAP, below which maximal cerebral vasodilatation fails to augment flow and CBF becomes pressure dependent 28 . As MAP continues to decrease, CBF is also reduced, predisposing patients to cerebral ischaemia. Intraoperatively, this autoregulatory threshold cannot be identified unless changes in both MAP and CBF are monitored. With intact autoregulation the relationship between CBF and MAP is non-linear, and without CBF monitoring, the anaesthetist can only speculate as to what constitutes an ideal MAP, estimating CPP on the basis of the haemodynamic state. The assumption is that flow is on the plateau of the static pressure autoregulation curve. However the lower limit of autoregulation can vary between patients 28 , particularly in the elderly with hypertension, indicating that MAP alone is inadequate to accurately predict global cerebral oxygen delivery. In addition, non-invasive measurement of blood pressure, using a sphygmomanometer cuff on the arm, will significantly underestimate blood pressure at the patient's head due to the hydrostatic pressure gradient.
A significant decrease in ICA flow during surgery may identify patients at risk of cerebral hypoperfusion. A normal CBF value of around 45 ml.100 g/minute correlates with an individual ICA flow velocity of about 3.7 ml/second 8, 13, 29 , and a significant decrease from baseline could act as a trigger for intervention. Intraoperative ICA monitoring allows vasopressor therapy to be titrated against changes in ICA flow, thereby providing an endpoint for haemodynamic intervention. Our pilot data demonstrate that CBF remains close to baseline when MAP is maintained above 70 mmHg in this group of patients. However there was insufficient data to accurately characterise the relationship between vasopressor administration, MAP and ICA flow. Nevertheless, noradrenaline is reported to increase MAP without increasing CPP, whereas glyceryl trinitrate reduces cerebral vascular tone and can increase CPP 6 . The effects of vasopressors and vasodilators on cerebral haemodynamics remain an area of future study.
This study has shown that estimation of global flow to the brain using non-invasive surface ultrasonography is possible in patients placed in the beachchair position. Spectral Doppler ultrasound is an established technique for measuring blood flow 7 and its use as an intraoperative monitor of ICA flow is a novel approach. However this application needs to consider the inherent limitations of the technology. Central to accuracy is the examination of a non-tapering segment of vessel, consistent angle of insonation, correct sample gate position and accurate vessel diameter measurement. Blood flow within the internal carotid artery is non-uniform, and spectral broadening may over-emphasise higher velocity components within the vessel, with resultant overestimation of flow 30 . This over-estimation has been documented in comparison studies for example 31 , and for this reason the technique is considered by some to be inappropriate for accurate measurement of CBF 32 . In addition, accuracy is also limited by pulsatile changes in vessel diameter, and by acute angles of insonation. Changes in ICA diameter between systole and diastole have been reported to change vessel cross-sectional area of up to 15% 33 . In practice however, ICA diameter will increase less than 1 mm with systolic expansion, and this measurable change is often beyond the precision of our ultrasound unit. Certainly, consistency in measurements with respect to the cardiac cycle will improve the reproducibility and decrease the variability of flow volume measurements. For this reason we aimed to measured vessel diameter at the end of diastole and averaged flow over three cycles, to produce a value reflective of continuous flow.
In addition, the surgical environment and patient head positioning can make measurement difficult in some patients. The head may require repositioning to ensure access to the anterior triangle of the neck. This enables accurate line-up of the ultrasound beam to the vessel, particularly when the common carotid has a high bifurcation. The technique also requires gentle pressure, since undue compression on the carotid artery with sudden release may induce a transient hyperaemic reponse, a response used for assessing cerebral autoregulation 34 . Apart from these technical constraints in measuring intraoperative ICA flow, the technique itself requires experience with meticulous application.
Despite limitations in measuring the actual ICA flow accurately, we feel the technique can be applied to measure dynamic changes in flow, and to indicate such changes associated with beachchair positioning. In phantom simulation studies, spectral Doppler imaging was demonstrated to overestimate actual flow, but could measure changes in flow linearly over a five-fold range 32 . Measurement of ICA flow provides a correlate of hemispheric CBF, has the advantage of being non-invasive, and enables repeated measurement at the bedside. It has been used in the intensive care setting and in trauma patients. For these reasons, we propose that this technique can be adapted to the intraoperative environment. Further,
